ABSTRACT. The susceptibilities of culture cells to twelve avian influenza virus strains were determined with ten established cell lines including MDCK and ESK cells and three primary culture cells. The established cell lines derived from embryonic swine kidney (ESK) and chicken kidney (CK) primary culture cells were more sensitive to the avian influenza viruses than the other eleven cells. The ESK cell had a particularly higher infective titer than the MDCK cell with and without trypsin supplement in culture medium, and dispersion of the infective titers was narrower than that of the MDCK cell. The ESK cell is a suitable candidate for routine work on avian influenza viruses in laboratories.-KEY WORDS: ESK, influenza, susceptibility.
MDCK cell supplemented with trypsin in culture medium has been practically used for the assay, isolation and study of influenza viruses since it was reported by Tobita et al. [5] . It has also been reported that the ESK cell was susceptible to swine influenza viruses [2] and equine influenza virus [6] . In the present study, the susceptibilities of thirteen kinds of culture cells including MDCK were determined with eight reference strains and four isolates of avian influenza virus and a comparison on infectivity was carried out with the MDCK and ESK cells.
The avian influenza virus strains used in this study are listed in Table 1 . The A/chicken/Japan/25(H7N7) strain was first isolated from chickens as the fowl plague virus in Japan [4] . The A/chicken/Germany"N"/49 (H10N7), A/ duck/England/56 (H11N6), A/duck/Czech/56 (H4N6), A/ duck/Ukraine/1/63 (H3N8), A/turkey/Massachusetts/3740/ 65 (H6N2) A/turkey/Ontario/7732/66 (H5N9) and A/ turkey/Ontario/6118/68 (H8N4) are reference strains of avian influenza virus. The A/mynah/Tokyo/229/77 (H4N6), A/mynah/Tokyo/231/77 (H3N8) and A/mynah/ Tokyo/252/77(H4N8) strains have been isolated from imported mynahs in Japan [3] . The A/budgerigar/Aichi/77 (H3N8) strain has also been isolated from a pet budgerigar in Japan [1] . The virus stocks were grown in the allantoic cavity of 10-day-old embryonated eggs at 34°C for 2 days.
Eagle's MEM (Nissui) supplemented with 5% calf serum and 10% tryptose phosphate broth was used as the growth medium for cell cultures. Ninety-six well, flat-bottomed microplates were used for the assay of infectivity. The thirteen kinds of culture cells are listed in Table 2 . They are primary culture cells from chicken kidney (CK), chicken embryo fibroblast(CEF), swine kidney (SK) and established cell lines derived from baby hamster kidney (BHK), hamster lung (HmLu-1), pig kidney (PK-15 and IB-RS-2), embryonic swine kidney (ESK), monkey kidney (JTC-2 and Vero), bovine kidney (BEK-1 and MDBK) and canine kidney (MDCK). Trypsin (Sigma Type I twice crystalline) was dissolve in PBS (5 mg/ml) without diatomic cation, sterilized by filtration and stored at -70°C as original solution until use. The trypsin was supplemented in the culture medium as necessary.
The infectivity of a virus was determined using by inoculation of 10-fold virus dilutions into four wells of cell culture in the microplates or four 10-day-old embryonated eggs for each dilution. The microplates were incubated in a CO 2 incubator at 34°C for one week. After that, the cytopathic effect (CPE) was observed and 0.1 ml of 0.5% c h i c k e n r e d c e l l s s u s p e n s i o n w a s a d d e d f o r hemagglutination (HA) in each well. The inoculated eggs were incubated at 34°C for 2 days. The infective titers of virus were judged by HA in microplate wells or infected allantoic fluid. These were expressed as TCID 50 or EID 50 per 0.1 ml logarithmically, respectively. The TCID 50 and EID 50 were calculated by the Behrens-Kärber method.
The infectivity titers (EID 50 /0.1 ml) of the twelve avian influenza viruses are shown in Table 1 limits to the avian influenza viruses are demonstrated in Table 2 . Data compilation and statistical analyses were carried out using the EXCEL (Microsoft) on a personal computer. As shown in Table 2 , the titers were distributed from 6.0 to 2.2. The data distribution was statistically significant (P<0.01) with the one-way analysis of variance.
In particular the CK and ESK cells were highly susceptible to the avian influenza viruses and their titers were higher than that of the MDCK cell supplemented with 10 µg/ml of trypsin in culture medium. As shown in Table 2 , though the MDCK cell was remarkably affected by trypsin supplement, it had little effect on the ESK cell. Then, the efficacy of trypsin supplement on infective titer was compared among concentrations of 0, 5 and 10 µg/ml in culture medium on the ESK and MDCK cells. As shown in Fig. 1 , the infective titer of the MDCK cell was dramatically increased at 5 µg/ ml of trypsin supplement. On the other hand, in the ESK cell, the efficacy was not shown and not significant (P>0.05) among the concentrations. Furthermore, the dispersion of the infective titer, i.e. 95% confidence limits did not vary widely in the ESK cell in contrast to that of the MDCK cell in each stage. And, CPE of the ESK cell was seen to become clearer with the trypsin supplement.
As described above, the MDCK cell supplemented with trypsin as proteolytic enzyme has been used practically as a convenient tool for the isolation or assay of influenza viruses in laboratories [5] . The Results of this study suggest that the ESK cell might also be a suitable candidate for laboratory studies. It is very interesting that the supplement of trypsin was not influential on the infectivity and multiplicity of avian influenza viruses in the ESK cell. In further studies, why influenza viruses were able to propagate in the ESK cell without trypsin supplement should be investigated. a) (+T) means the trypsin supplement (10 µg/ml) in culture medium. b) These cells were prepared as primary cultures. Fig. 1 . Efficacy of trypsin supplement in the ESK and MDCK cells. Dots and arrows were mean infective titers and 95% confidence limits to the avian influenza viruses.
